Acute infection with Toxoplasma gondii during pregnancy and its potentially tragic outcome for the fetus and newborn continue to occur in the United States, as well as worldwide, despite the fact that it can be prevented. The infection can be acquired through ingestion of infected, undercooked meat or contaminated food or water. Transmission to the fetus occurs almost solely in women who acquire their primary infection during gestation and can result in visual and hearing loss, mental and psychomotor retardation, seizures, hematological abnormalities, hepatosplenomegaly, or death. Systematic ed ucation and serological screening of pregnant women are the most reliable and currently available strategies for the prevention, diagnosis, and early treatment of the infection in the offspring; this is largely because toxoplasmosis in pregnant women most often goes unrecognized. Treatment of the infection in the fetus and infant during the first year of life has been demonstrated to significantly improve the clinical outcome.
Toxoplasma gondii infection acquired by pregnant women dur ing gestation and its transmission to the fetus continue to be the cause of tragic yet preventable disease in the offspring [1] . In addition to the unfortunate outcome for infants and children are the emotional and economic burdens faced by the parents and society. It has been estimated that 500-5000 infants each year are born with congenital toxoplasmosis in the United States [2] . Although the majority of infants appear to be healthy at birth, significant long-term sequelae may become obvious only months or years later.
T. gondii infection is acquired primarily through ingestion of cysts in infected, undercooked meat or oocysts that may contaminate soil, water, and food. Meat (primarily pork and lamb) is an important source of the infection in humans in the United States [3] . However, the frequency at which the source is meat versus ingestion of oocysts among different pop ulations and geographical areas in the United States is un known. Recent studies have identified water as a potential source of the infection in both humans and animals [4] [5] [6] [7] [8] .
The purpose of this review is to provide an update on the latent T. gondii infection resulted in congenital transmission of the parasite to the fetus [11] [12] [13] .
SPECIAL CONSIDERATIONS IN THE FETUS AND NEWBORN RELATED TO MATERNAL INFECTION
The frequency of vertical transmission increases with the ges tational age (table 1) [1, 14] . In contrast, severe clinical signs in the infected infant are more commonly observed in offspring of women whose infection was acquired early in gestation (ta ble 1). Occasionally, the diagnosis of the infection in a pregnant woman is first considered when ultrasonographic findings re veal the presence of fetal abnormalities [1] . In other cases, it is first considered in a mother whose newborn has clinical manifestations of the infection.
DIAGNOSIS DURING PREGNANCY
Serological tests and PCR are used in an attempt to diagnose toxoplasmosis in pregnant women (table 2) [1] . Transmission of the parasite to the fetus frequently occurs in pregnant women who have no history of illness during gestation or exposure to undercooked meat or to cats [9] . Therefore, the decision to perform T. gondii serological tests during pregnancy should not be based solely on clinical (e.g., presence or absence of symp toms) or epidemiological (i.e., history of exposure to T. gondii) grounds [1, 9] .
Systematic serological screening for T. gondii IgG and IgM antibodies in all pregnant women as early in gestation as feasible (ideally during the first trimester) and in seronegative women each month or trimester thereafter would be optimal. Such screening allows for detection of seroconversion and early ini tiation of treatment. Although screening is rarely performed in the United States, such screening is mandated by law in some countries (e.g., France and Austria), to facilitate early detection of recently acquired infection. Although we support the use of systematic serological screening during pregnancy, we acknowl edge that factors such as cost, demographic characteristics, availability of appropriate tests, and the relatively low incidence of acute infection must be taken into consideration. An ad ditional consideration is the recent controversy about the ef fectiveness of treatment during gestation in an attempt to pre vent transmission to the fetus.
Serological tests. The detection (and quantification) of T. gondii antibodies in serum is used to establish whether a preg nant woman has been infected and, if so, to determine whether the infection was acquired recently or in the distant past. If serological test results suggest a recently acquired infection, an effort is made to determine whether the infection was likely acquired during gestation or shortly before conception. If so, the fetus is at risk.
In the United States, physicians most often submit only a single serum sample for serological testing, and from the results for that specimen, they expect a diagnosis. Thus, seroconversion is rarely demonstrable in the United States. Only approximately one-third of the samples submitted to our serology laboratory are obtained from women in their first trimester [1] . Serological test results of serum samples obtained later in gestation are frequently difficult to interpret. The earlier the serum sample is obtained, the more likely the results will prove clinically helpful. Testing of a serum sample drawn after the second tri mester most often will not be able to exclude that an infection was acquired earlier in the pregnancy.
For serological diagnosis, IgG, IgM, IgA, and IgE antibodies; IgG avidity; and the differential agglutination (AC/HS) tests have been employed successfully in an attempt to distinguish the acute versus the chronic stage of the infection [15] . Except for measurement of IgG and IgM antibodies, most of these tests are performed only in reference laboratories (e.g., in the United States, at the Palo Alto Medical Foundation Toxoplasma NOTE. This analysis was performed with 603 women whose T. gondii infection was documented to have occurred during gestation. Anti-Toxoplasma treatment was administered to 504 (84%) of the women. Data are from [14] .
a Risk of development of clinical signs of infection in a child whose mother was known to have been infected during gestation but in whom congenital infection has not been established yet (values are obtained by multiplying the risk of congenital infection by the risk of signs among congenitally infected children). It needs to be emphasized that a positive IgM antibody test result at any time before or during gestation does not necessarily mean a recently acquired infection [16] [17] [18] . IgM antibodies may persist for 1 year following acute infection, and most positive IgM antibody test results are obtained in pregnant women who acquired their infection in the more distant past and beyond the period of fetal risk. These patients are chron ically infected. Recently, we examined 100 consecutive serum samples submitted to PAMF-TSL because of a positive IgM antibody test result at an outside clinical laboratory. Confir matory testing at PAMF-TSL revealed that 62% of these serum samples were negative for IgM antibody. This percentage is essentially the same as that we reported 7 years ago [19] . Ad ditional testing confirmed that infection in such cases was ac quired in the more distant past rather than recently. The greatest value of a positive IgM antibody test result is that it raises the question of a recently acquired infection, thereby necessitating confirmatory testing in a reference laboratory. Figure 1 shows interpretation of results of serological tests performed at clinical laboratories. Serological testing for both IgG and IgM antibodies at clinical (nonreference) laboratories should be performed initially. Negative results of Toxoplasma IgG and IgM antibody tests, as well as positive results of IgG tests, tend to be accurate. Initial screening and testing for tox oplasmosis can be accomplished by these laboratories (table 3) . Figure 2 shows the procedure for confirmatory testing of positive IgM test results at a reference laboratory. A battery of serological tests is usually required in an attempt to establish whether a positive or equivocal IgM test result is clinically relevant (i.e., whether it is indicative of an infection acquired during gestation) [17] . It is noteworthy that only ∼40% of positive IgM test results obtained at nonreference laboratories Positive or equivocal IgM antibodies are detected early in the acute infection. Because they may persist for prolonged periods, IgM antibodies may be detected in pregnant women who were infected in the distant past and before gestation. Therefore, a positive (or equivocal) IgM test result should be followed by confirmatory testing at a Toxoplasma reference laboratory b [17] Positive Positive or equivocal Same as above a In the third trimester, this result is more difficult to interpret. Although it is most consistent with an infection acquired before pregnancy, in some patients, this result may reflect an infection that was acquired early in gestation and that was accompanied by an increase in the IgM titer and a decrease to nondetectable levels within a relatively brief period of time. b For example, the Palo Alto Medical Foundation Toxoplasma Serology Laboratory, telephone number (650) 853-4828; e-mail, toxolab@pamf.org.
Figure 1. Guidelines for serological testing and management of toxoplasmosis during pregnancy on the basis of initial results obtained from
Toxoplasma gondii IgG and IgM antibody tests performed at clinical (nonreference) laboratories. 1 Initial serological screening with IgG and IgM tests usually can be reliably performed at nonreference laboratories. Certain laboratories or clinicians may choose to send serum samples at this initial stage directly to a reference laboratory; interpretation of results obtained in a reference laboratory usually will be the same as that shown here for nonreference laboratories. 2 The interval for serological screening varies by the center and country where systematic serological screening is performed (e.g., every month in France). Systematic serological screening to detect early infection acquired during gestation is not performed in the United States. . 4 Consider sending samples to a reference laboratory such as PAMF-TSL [17] . 5 Treatment with spiramycin or with pyrimethamine, sulfadiazine, and folinic acid (see text and table 6). 6 Amniotic fluid PCR should be performed at 18 weeks of gestation (not before) or later. In patients at 118 weeks of gestation, the risk of the procedure should be carefully weighed against the potential benefit of diagnosing fetal infection (see text and tables 2 and 5). CT, congenital toxoplasmosis.
in the United States were found for patients who had acquired their primary (acute) infection in the recent past [19] .
Confirmatory testing of a positive IgM test result by the use of additional tests in various combinations has been validated by reference laboratories in Europe and the United States (tables 2 and 4) [15, 20, 21 ]. An example is the battery of tests (Tox oplasma serological profile [TSP]) used at PAMF-TSL. The TSP comprises the dye test (which measures primarily IgG anti bodies); IgM, IgA, and IgE ELISAs; and the AC/HS test [1] . The methods used for demonstration of IgM, IgA, and IgE antibodies at the PAMF-TSL were developed by that laboratory and are not available elsewhere. In addition to the reporting of serological test results, consultants at PAMF-TSL offer med ical interpretation of results and are available to assist clinicians in management of their patients' conditions. The TSP has been used successfully at PAMF-TSL in attempts to determine whether a pregnant woman acquired her infection during or before gestation. This distinction is important with regard to decisions about prenatal drug intervention(s) and additional diagnostic tests, such as PCR and ultrasound. In addition, correct interpretation of the TSP results and their communication to the patient's physician by an expert were reported to decrease the rate of unnecessary abortions by ∼50% among women in the United States for whom positive IgM test results had been reported by outside laboratories [19] .
A Toxoplasma IgG avidity test has also been used at PAMF TSL since July 2000. It is used only in conjunction with the AC/HS test and, when indicated, with other tests in the TSP [22, 23] . High-avidity IgG antibodies develop at least 12-16 weeks (depending on the test method used) after infection. The presence of high-avidity antibodies in the TSP indicates that infection was acquired 116 weeks earlier [22, 24, 25] . Thus, in a pregnant woman in the first months of gestation, regardless of the IgM antibody test result, a high-avidity IgG test result indicates that the fetus is essentially not at risk for congenital toxoplasmosis. A high-avidity IgG test result is especially useful (650) when only a single sample of serum has been obtained in which T. gondii IgM antibodies are present and for which the AC/HS test (or the TSP) reveals an acute or equivocal pattern. For pregnant women beyond 16 weeks of gestation, a high-avidity test result may be helpful in establishing that the infection was acquired at least 12-16 weeks earlier in gestation; in this sce nario, the transmission rate would be lower [14] , the potential for fetal damage would be greater (table 1) [14] , and the neg ative predictive value of the amniotic fluid PCR would be greater (table 5) [26] than if the infection was acquired later in gestation. Of special note is that low-avidity or equivocal test results can persist for many months or a year or more after the primary infection and, for this reason, must not be used alone to determine whether the infection was recently acquired [22, 27] . In fact, in serum samples with low-or borderlineavidity antibodies and negative IgM antibody test results or a TSP reflecting an infection acquired in the distant past, the IgG avidity test is not useful and, if used alone, can potentially be misleading [28] .
Confirmatory testing with the TSP and the avidity method during the first 16 weeks of gestation has the potential to de crease the need for follow-up serum samples and thereby reduce costs, to make the need for PCR of amniotic fluid and for treatment with spiramycin for the mother unnecessary, to re move the pregnant woman's anxiety associated with further testing, and to decrease unnecessary abortions. Final interpre tation of results of serological tests performed at PAMF-TSL yields 3 possibilities: (1) results are consistent with a recently acquired infection, and thus the possibility that the patient acquired her infection during gestation or shortly before con ception cannot be excluded; (2) results are consistent with an infection acquired in the distant past and before pregnancy; or (3) results are equivocal, which usually requires a follow-up serum sample for parallel testing ( figure 2 and table 4) .
PCR. Amplification of T. gondii DNA in amniotic fluid at 18 weeks of gestation (the optimal time) or later has been used successfully for prenatal diagnosis of congenital toxoplasmosis [26, 29, 30] . Its sensitivity and specificity for amniotic fluid obtained before 18 weeks of gestation have not been studied; in addition, the procedure done early in gestation is associated with a higher risk to the fetus and likely is less useful. A de finitive study of the routine use of PCR of amniotic fluid ob tained at 18 weeks of gestation or later was reported in France to have an overall sensitivity of 64% for the diagnosis of con genital infection in the fetus, a negative predictive value of 88%, and a specificity and positive predictive value of 100% (i.e., a positive result signifies infection of the fetus) (table 5) [26] . Gestational age had a significant influence on the sensitivity and negative predictive values [26] . Sensitivity was statistically significantly higher when maternal infection occurred at 17-21 weeks of gestation, compared with when infection occurred before 17 weeks or after 21 weeks of gestation ( P ! .02) [26] . However, the negative predictive value of PCR of amniotic fluid from women who acquired the infection early in gestation (e.g., before week 7 of gestation) was ∼100% because of the very low transmission rate during that time in gestation [26] . Ro mand et al. [31] also demonstrated that the parasite load in amniotic fluid is an independent risk factor for severity of fetal infection, in addition to the gestational age. Maternal infections acquired before 20 weeks of gestation with a parasite load 1100 parasites per mL of amniotic fluid was associated with the highest risk of severe outcome in the fetus. In clinical practice, amniocentesis has essentially replaced fetal blood sampling for diagnosis of congenital toxoplasmosis, because of its inherently lower risk and higher sensitivity [1, 30] . PCR techniques for detection of T. gondii DNA in amniotic fluid or other samples are not standardized, and there is no consensus on the best protocol to use [26, 29, [31] [32] [33] [34] . The specimen should be sent to a laboratory experienced in per forming this assay on amniotic fluid and that has proper val idation and quality-control data and experience in interpre tation of its results.
Amniotic fluid examination by PCR should be considered for pregnant women (without a contraindication for the pro cedure) who (1) have serological test results diagnostic or highly suggestive of an infection acquired during gestation or shortly before conception; (2) have evidence of fetal damage by ultra sonographic examination (e.g., ventriculomegaly or hepatic or brain calcifications); or (3) are significantly immunosuppressed and thus at risk of reactivation of their latent infection (with the exception of women with AIDS). Amniocentesis may be less advisable for patients coinfected with T. gondii and HIV, because of the risk of infecting the fetus with HIV during the amniocentesis. PCR also may be useful for demonstration of parasite DNA in fetal tissues and placenta [35] .
Ultrasound. Ultrasound is recommended for women with suspected or diagnosed acute infection acquired during or shortly before gestation. Ultrasound may reveal the presence of fetal abnormalities, including hydrocephalus, brain or he patic calcifications, splenomegaly, and ascites [1] .
The clinical outcome of congenitally infected children whose mothers had acquired the infection during the first trimester of pregnancy, whose fetal ultrasound findings were normal, and who received spiramycin during gestation was recently re ported. Although these children were expected to have severe damage (table 1) , their 2-year follow-up revealed that their outcomes did not differ significantly from those of infected children born to mothers who had acquired the infection dur ing the second and third trimesters (table 1) [36] . The authors concluded that, in such circumstances, termination of preg nancy was not indicated. However, appropriate treatment was essential, and prenatal ultrasound findings should be free of any anomaly [36] . In addition to ultrasound, CT has been used to search for brain calcifications, and MRI for other abnor malities in the fetus.
Histological analysis and attempts to isolate the parasite. Occasionally, placental or fetal tissues from pregnant women suspected of having acquired acute infection during gestation are available to attempt to determine whether vertical trans mission of the parasite has occurred. T. gondii cysts may be visualized in these tissues with the Wright-Giemsa stain, but immunoperoxidase staining using T. gondii-specific antibodies is more sensitive [37] . Isolation of the parasite can be attempted by inoculation of tissues into tissue culture or mice [1] .
APPROACH FOR PATIENTS WITH SUSPECTED OR DIAGNOSED T. GONDII INFECTION ACQUIRED DURING GESTATION
Once it has been established that serological test results are consistent with a recently acquired infection and that acqui sition of the infection during the first 18 weeks of gestation or shortly before conception cannot be excluded, an attempt to prevent vertical transmission of the parasite through treatment with spiramycin is recommended for the mother by many in vestigators in the United States and Europe (figure 3). If fetal infection is confirmed by a positive result of PCR of amniotic fluid at 18 weeks of gestation or later, treatment with pyri methamine, sulfadiazine, and folinic acid is recommended (if the patient is already receiving spiramycin, the recommenda tion is to switch to this combination). In some centers in Eu rope, this switch takes place as early as week 14-16 [38] .
Because of the high transmission rates observed after 18 weeks of gestation, treatment with pyrimethamine, sulfadiazine, and folinic acid is also used for patients who have acquired the infection after 18 weeks of gestation, in an attempt to prevent fetal infection from occurring and, if transmission has occurred, to provide treatment for the fetus (figure 3). Pyrimethamine is not used earlier because it is potentially teratogenic.
Spiramycin. The use of the macrolide antibiotic spira mycin has been reported to decrease the frequency of vertical transmission [30, [39] [40] [41] [42] . However, carefully designed, pro spective studies that demonstrate this effect have not been per formed. The protection has been reported to be more distinct in women infected during their first trimester [39, 40, 42] . In studies using historical controls, the incidence of congenital infection was reduced by ∼60% [39, 40, 42] . Spiramycin does not readily cross the placenta and thus is not reliable for treat ment of infection in the fetus. There is no evidence that spi ramycin is teratogenic (table 6). The drug is administered until delivery even in those patients with negative results of amniotic fluid PCR, because of the theoretical possibility that fetal in fection can occur later in pregnancy from a placenta that was infected earlier in gestation [42] . For pregnant women in whom the possibility of fetal infection is high or fetal infection has been established, treatment with spiramycin should be switched after the 18th week of gestation to treatment with pyrime thamine, sulfadiazine, and folinic acid. In some centers, change to such treatment occurs earlier (e.g., at 14-16 weeks of ges tation) [38] .
Spiramycin is not commercially available in the United States. It can be obtained at no cost and after consultation (with PAMF-TSL, telephone number (650) 853-4828, or the US [Chicago, IL] National Collaborative Treatment Trial Study [NCCTS] , telephone number (773) 834-4152) through the US Food and Drug Administration, telephone number (301) 796 1600. It is administered orally at a dosage of 1.0 g (or 3 million U) every 8 h (total dosage of 3 g or 9 million U per day). Through this program, Sanofi-Aventis, for many years, has kindly been providing spiramycin to pregnant women in the United States at no cost.
In recent years, the effectiveness of spiramycin to prevent congenital toxoplasmosis has become controversial [38, 43] . Members of the European Multicentre Study on Congenital Toxoplasmosis (EMSCOT) have raised the question as to the value of such treatment [38, 43] . These investigators have stated repeatedly that carefully designed studies are necessary to clarify whether spiramycin is efficacious in prevention of congenital toxoplasmosis. We agree with that specific statement. Recent data from the EMSCOT investigators suggest that spiramycin may be more efficacious when administered early after sero conversion [43] . The studies supporting both positions (for and against the recommendation of spiramycin treatment) pri marily suffer from a lack of randomization and necessary con trols in their design and from small sample sizes for the group of untreated women [30, [38] [39] [40] [41] [42] [43] . The data provided to date have not ruled out a potential benefit from spiramycin [44] . It has been suggested, and we agree, that only a large, random ized, controlled clinical trial would provide clinicians and pa tients with valid evidence of the potential benefit of prenatal treatment with spiramycin [43] . Until there is further clarifi cation on this subject, we continue to recommend spiramycin treatment for women with suspected or confirmed acute T. gondii infection acquired during the first 18 weeks of gestation [1] .
Pyrimethamine, sulfadiazine, and folinic acid. Until fur ther information is available, we consider it justifiable to rec ommend the combination of pyrimethamine, sulfadiazine, and folinic acid as treatment for pregnant women who acquire the infection after 18 weeks of gestation and for those in whom 2 Gestational age at which maternal infection was suspected or confirmed to have been acquired (or the best estimate); this is not the gestational age at which the patient consulted with or was seen by the health care provider. 3 For dosages and comments, see table 6. Folic acid should not be used as a substitute for folinic acid. wks, Weeks.
fetal infection has been confirmed (i.e., by positive result of amniotic fluid PCR) or is highly suspected (e.g., because of fetal abnormalities consistent with congenital toxoplasmosis de tected by ultrasound examination) (table 6) [1, 45] . This drug regimen is used in an attempt to treat the infection in the fetus and, in some instances, with the hope of preventing transmis sion, especially in those women for whom amniocentesis for PCR testing cannot be performed and whose infection was acquired after 18 weeks of gestation [46] . Pyrimethamine is potentially teratogenic and should not be used in the first tri mester of pregnancy. The drug produces reversible, usually gradual, dose-related depression of the bone marrow. All pa tients who receive pyrimethamine should have complete blood cell counts frequently monitored. Folinic acid (not folic acid) is used for reduction and prevention of the hematological tox icities of the drug.
We suggest that each case involving a pregnant woman sus pected of having or given the diagnosis of acute T. gondii in fection acquired during gestation be discussed with an expert in the management of toxoplasmosis (in the United States, e.g., PAMF-TSL or NCCTS).
APPROACH FOR OTHERWISE IMMUNOCOMPETENT PATIENTS WITH T. GONDII INFECTION MOST LIKELY ACQUIRED 6 MONTHS BEFORE GESTATION
Because the incidence of congenital toxoplasmosis in the off spring of women who are known to have been infected before gestation or whose serological test results reveal infection ac quired in the distant past (before gestation) has been shown to be extremely low (approaching zero), use of treatment with spiramycin or with pyrimethamine, sulfadiazine, and folinic acid and prenatal diagnosis of fetal infection are not indicated unless the mother is immunocompromised.
APPROACH FOR IMMUNOCOMPROMISED PATIENTS WITH T. GONDII INFECTION ACQUIRED BEFORE GESTATION
Women who are coinfected with HIV and T. gondii and who have developed AIDS are at risk of reactivating their T. gondii infection, developing severe toxoplasmosis (i.e., toxoplasmic encephalitis, pneumonia, etc.), and/or transmitting the parasite Table 7 . Measures to prevent primary Toxoplasma gondii infection during pregnancy.
Prevention measures
Cook meat to "well done" or thoroughly to 67°C (153°F). Meat should not be "pink" in the center. Note that meat that is smoked, cured in brine, or dried may still be infectious Avoid mucous membrane contact when handling raw meat Wash hands carefully after contact with raw meat Kitchen surfaces and utensils that have come in contact with raw meat should be washed wearing gloves
Refrain from skinning or butchering animals Avoid contact with materials potentially contaminated with cat feces, especially when handling cat litter or gardening.
Wearing gloves is recommended when these activities cannot be avoided.
Disinfect emptied cat-litter box with near-boiling water for 5 min before refilling Wash fruits and vegetables before consumption Avoid drinking water potentially contaminated with oocysts to their offspring [1, 11] . Fortunately, such transmission is surprisingly rare [1, 11] . At present, data are insufficient to define the effectiveness of treatment intended to prevent vertical transmission of T. gondii in an HIV-infected woman. Until more data become available, we suggest that Toxoplasma-se ropositive pregnant women whose CD4 cell count is !200 cells/ mm 3 receive trimethoprim-sulfamethoxazole (80 mg trimeth oprim and 400 mg sulfamethoxazole in a single-strength tablet, 1 tablet per day; this treatment is commonly used to prevent Pneumocystis pneumonia in such patients) in an attempt to prevent both reactivation of their Toxoplasma infection and transmission of the parasite to their offspring. Trimethoprim is usually avoided in the first trimester, because it is a folic acid antagonist. For women whose CD4 cell count is 1200 cells/ mm 3 and for non-HIV infected, immunocompromised women, spiramycin treatment is suggested for the duration of the pregnancy. Unfortunately, there are no studies to determine whether these strategies are effective.
Performance of amniotic fluid PCR may not be advisable for HIV-infected women because of the risk of facilitating the transmission of HIV to the fetus during the procedure. Am niotic fluid PCR should be considered for non-HIV infected, immunocompromised pregnant women who are chronically infected with T. gondii (as well as those who acquire the in fection during pregnancy). Monthly ultrasound examinations should be considered as well for all immunocompromised preg nant women chronically infected with T. gondii.
APPROACH FOR PREGNANT WOMEN WITH TOXOPLASMIC CHORIORETINITIS
Pregnant women given a diagnosis of toxoplasmic chorioretin itis should have serological evaluation to establish whether the infection was acquired recently or in the distant past. Pregnant women with toxoplasmic chorioretinitis as a result of reacti vation of a latent infection (acquired before gestation) do not appear to have a higher risk for transmission of the parasite to their offspring than that of pregnant women who were in fected before gestation and who do not have active ocular tox oplasmosis [10] . Those with toxoplasmic chorioretinitis, con sidered to be a manifestation of recently acquired infection [47] , should be given treatment for the infection, for both the eye disease and the risk of transmission of the infection to their fetus. In this scenario, the reader is referred to the approach described above in the Approach for Patients with Suspected or Diagnosed T. gondii Infection Acquired during Gestation section.
APPROACH FOR PATIENTS WITH RECENTLY ACQUIRED T. GONDII INFECTION WHO WANT TO KNOW WHEN IT IS SAFE TO BECOME PREGNANT
After a nonpregnant woman of childbearing age receives a di agnosis of a recently acquired T. gondii infection, the question frequently arises as to when they can safely become pregnant, with regard to the risk of congenital transmission of the par asite. It should be understood that there are no definitive data on this subject. Our advice has been conservative; we recom mend that such women wait 6 months (from the date that the acute infection was diagnosed or documented) before attempt ing to become pregnant. Each case should be considered sep arately and, preferably, in consultation with an expert.
PREVENTION
Primary prevention. Educational materials that contain mes sages on how to prevent pregnant women from becoming in fected have resulted in reduced rates of seroconversion (table 7) [48] [49] [50] . Educational measures should be in written form (e.g., books, magazines, or simple handouts), available in dif ferent languages, and integrated into existing prenatal pro grams, visits, and classes. Ultimately, it is the responsibility of health care policy makers and physicians to educate both preg nant women and women who are considering becoming preg nant, with regard to preventive measures. The need to take � � Table 6 . Medicines used for pregnant women who have suspected or confirmed Toxoplasma gondii infection acquired during gestation. Pyrimethamine is teratogenic; therefore, this combination should not be used be fore week 18 of gestation (in some centers in Europe, it is used as early as week [14] [15] [16] . Indicated for women suspected of having acquired infection at 18 weeks of gestation and those with documented fetal infection (positive re sult of amniotic fluid PCR) or abnormal ultrasound findings suggestive of congeni tal toxoplasmosis, given when patient is at 18 weeks of gestation b Folic acid should not be used as a substitute for folinic acid.
these preventive measures continually must be reinforced throughout pregnancy for seronegative women. [48, 51] . Table  7 lists the measures that can be taken in an attempt to prevent T. gondii infection. Physicians are urged to make such written information available to their pregnant patients. Written ma terials are available through the March of Dimes and in a free, downloadable format at http://www.toxoplasmosis.org/. Most important is to inform these women that all meat be prepared "well done" (not "pink" in the center). Meat should be heated throughout to at least 67�C (153�F). Freezing to at least �20�C (�4�F) for 24 h and thawing also kills T. gondii cysts [3, 52] . The process of curing meat does not necessarily result in a product free of parasite cysts [53] .
Secondary prevention (serological screening). In addition to implementation of primary preventive measures in sero negative women, it is important to identify those women who acquire T. gondii infection during gestation, and if fetal infection is detected by prenatal testing, therapeutic options, including termination of pregnancy and antibiotic treatment of the fetus in utero, should be discussed with the patient. Women and their partners have the right to know whether their fetus is at risk for congenital toxoplasmosis or whether their fetus has already been infected. Congenital toxoplasmosis will continue to go largely undiagnosed in the United States in the absence of universal screening programs to detect acute T. gondii in fection acquired during gestation and in the absence of effective and more widely distributed educational programs [1, 9, 54] .
As an alternative, in the states of Massachusetts, New Hamp shire, and Vermont, a secondary prevention program that per forms Toxoplasma serological testing in all newborns has been underway for several years [55, 56] . Although postnatal screen ing of newborns identifies some subclinically infected infants, it has the potential to miss those infected late in the third trimester but who have not yet formed antibodies, as well as infants infected early in gestation who are negative for IgM and IgA antibodies. Postnatal screening programs do not allow for measures that attempt to prevent congenital infection.
